Abstract. We present results of a search for OB associations in NGC 300. Using an automatic and objective method (PLC technique) 117 objects were found. Statistical tests indicate that our sample is contaminated by less than 10 detections due to random concentrations of blue stars. Spatial distributions of detected associations and H II regions are strongly correlated. The size distribution reveals a significant peak at about 60 µrad which corresponds to 125 parsecs if a distance modulus of 26.66 mag is assumed. Besides the objects with sizes corresponding to typical associations we also found several much larger objects. A second level application of our detection method revealed that most of these are composed of smaller subgroups, with sizes of about 100 pc.
Introduction
OB associations constitute physical groups of young, massive, gravitationally unbound stars, which have formed in the same molecular cloud. Observations of these short lived objects provide much valuable information about regions of recent and/or current star formation, parent galaxies and star formation processes in general. In particular, a comparison of the properties of systems of associations in different galaxies may help us to better understand the influence of the environment on mechanisms of star formation.
A lot of work has been dedicated in the past to the detection and analysis of properties of associations in nearby galaxies. However, as thoroughly discussed by Hodge (1986) , the identification of OB associations is a very difficult task. Indeed, due to very low surface density of stars it is not possible to detect them just based on the density contrast with the surrounding field. For a long time, associations were identified from visual searches of photographic plates. Subjective identification together with nonuniform observational material and poor resolution often led to disagreement between different authors.
⋆ Based in part on observations obtained with the 1.3 m Warsaw telescope at the Las Campanas Observatory of the Carnegie Institution of Washington, and on observations obtained at the European Southern Observatory, La Silla, Chile ⋆⋆ On leave from Warsaw University Observatory As a result of these limitations it was not possible to perform unambiguous comparisons of the properties of stellar associations found in different galaxies. To overcome these difficulties new, automatic and objective techniques of detecting OB associations were developed (Battinelli 1991 , Wilson 1991 . All one needs in order to use these methods are the positions of the sample of OB stars. A successful application of these techniques to search for OB associations in several nearby galaxies (Battinelli 1991 , Magnier et al. 1993 , Wilson 1992 reflects that they are very useful tools for building uniform catalogues of OB associations in galaxies well suited for comparison purposes.
In this contribution we present the results of a search for OB associations in the nearly face-on spiral galaxy NGC 300. This galaxy, which is a member of the Sculptor Group, presents massive recent star formation, yet no systematic work to discover OB associations in this stellar system has been undertaken. To our knowledge only five stellar groups assumed to be associations were observed by Breysacher et al. (1997) during their search for WR stars in stellar associations. A systematic search with the aim to uncover the complete system of OB associations in this important nearby galaxy is therefore long overdue.
Our paper is organized as follows. In Sect. 2 we briefly describe the observations and data reduction techniques applied in this work. The algorithm used for searching for potential associations is described in Sect. 3. Results are presented in Sect. 4. Sect. 5 contains some final remarks on our findings.
Observations
The observational data have been collected in the course of a long term project whose principal goal is to discover a large number of Cepheid variables in NGC 300 in order to calibrate the effect of metallicity on Cepheid luminosities. Up to now several hundred images in BV RI bands were collected with the Wide Field Camera attached to the ESO/MPI 2.2 m telescope on La Silla. This camera has a pixel scale of 0.238 arcsec/pixel, and its large field of view of 33 x 34 arcmin allows to cover the whole galaxy with one pointing. For the search of OB associations we used 10 B and 10 V images obtained on two photometric nights, at low airmass and under 0.8 arcsec seeing conditions. Exposure time was set to 360 sec for all images in each filter. As can be seen from Fig. 1 the limiting magnitude was about 22.5 mag in B and about 23 mag in V . After debiasing and flatfielding the images with the IRAF 1 package, each of the eight 2k x 4k chips was divided into 16 slightly overlapping sub-frames. Profile photometry with DAOP HOT and ALLST AR programs was performed for all stars detected in all subframes. Then the photometry on all subframes was tied together using stars located in the overlapping regions.
In order to calibrate our data we performed follow-up observations with the Warsaw 1.3 m, photometric telescope located at Las Campanas Observatory, Chile. The telescope was equipped with a 2048 x 2048 CCD camera. The scale is 0.41 arcsec/pixel, which corresponds to a field of view of about 14.5 x 14.5 arcmin. More details about the instrumental system can be found in Udalski et al. (1997) . Observations were conducted through BV RI filters, during 2 photometric nights. We monitored four fields, covering about 25 x 25 arcmin of the central part of NGC 300. During each night a large number of Landolt standard stars (Landolt 1992) covering a wide range of colors and airmasses, were also observed in order to tie our new secondary standards in NGC 300 to the Landolt system. Preliminary reductions (i.e. debiasing and flatfielding) were performed with the IRAF package while the PSF photometry was done with the DAOP HOT /ALLST AR package.
The accuracy of the transformation of the instrumental magnitudes and colors to the standard system is about 0.04 mag for the B and V bands, and slightly better for the (B − V ) color. As a next step we carefully selected objects with reliable photometry and used them to calibrate the photometry from the WFI camera. In this process, we eliminated background galaxies, severely blended and saturated stars by visual examination.
Having established a sequence of about 300 photometric secondary standard stars in the field of NGC 300 (results to be published in a forthcoming paper), we transformed the WFI photometry from each chip using a least squares method. Usually more than 20 stars common between a given chip and our catalog of secondary standards were identified, and the accuracy of internal transformations was better than 0.01 mag (rms).
We are continuing the observations of secondary standards stars in NGC 300, and the accuracy of their brightness calibration will soon be significantly improved. A more detailed description of the project, observations, and reduction procedures will be presented in a followup paper.
Search for Associations

Identification Method
The Path Linkage Criterion (PLC) technique (Battinelli 1991 ) was adopted in our search for OB associations in NGC 300. For a detailed description of this technique the reader is referred to Battinelli (1991) . In short, this method assumes that any given two stars in an ensemble of OB stars belong to the same association if and only if it is possible to connect these two stars, by successively linking OB stars located between them, separated from each other by no more than a certain fixed distance parameter, or search radius, called d s . The advantage of the PLC method is that d s can be unambiguously derived based on the given catalog of early type stars using the function f p (d). This function describes the number of groups containing at least p stars, for any given value of the distance parameter d. The behaviour of this function is as follows: a steep rise until a maximum value is reached, followed by a gradual decrease towards a limiting value of 1, which corresponds to the situation that the value of d is so large that all stars can be connected using it (i.e. all stars are assigned to just one group). The optimum value of the distance parameter d s is defined as the value of d corresponding to the maximum of the function f p (d).
Application of the PLC technique to NGC 300
Before we can start to search for OB associations we need to select the catalog of blue stars. In the case of the photometric data it means that we need to adopt brightness and color cutoffs. The sample of blue stars was selected from the photometric catalog of stars in NGC 300 using the following criteria: V < 22 mag and -0.6 < B − V < 0.4 mag. We note that NGC 300 has a very low foreground reddening, in the order of E(B − V ) = 0.02 mag, so the color cutoff for the unreddened B−V color is also approximately 0.4 mag. Altogether 4016 stars satisfied our selection criteria and entered our list of blue stars. Unfortunately the distance to NGC 300 is rather uncertain at the present time; distance moduli obtained by different authors differ quite significantly. Based on an analysis of a variety of distance indicators, van den Bergh (1992) found a distance modulus of 26.0 mag, while Freedman et al. (1992) obtained a value of 26.66 mag, using BV RI CCD observations of Cepheids in this galaxy. If we adopt the latter value, our brightness cutoff corresponds to an absolute magnitude of M v = −4.7 mag. In Fig. 1 we present the B−V color -magnitude diagram (CMD) from about 14000 stars observed in the field of NGC 300, with an indication of the location of the selected blue stars.
The next step was to derive the value of d s based on our catalog of blue stars. To do this we apply the PLC technique with several values for the distance parameter and several values for the minimum number of stars to define an association, p. The results are presented in Fig.  2 . It can be seen that the position of the maximum of the function f p (d) depends slightly on p and is located in the interval from about 35 to 40 microradians. In order to check on the influence of our choice for the value of d s on the number of associations we find, we used three search distances, namely d s = 35, 37.5 and 40 microradians which correspond to linear distances of 72, 78 and 83 pc, respectively ( assuming a distance modulus of 26.66 mag), and then compared the results. We found that all but three objects were common in all trials. This is because in most cases we can just add a few (10 -15 %) new stars to already detected associations if we use a slightly larger value of d s . As a conclusion, the number of detected OB associations is very insensitive to the adopted value of the search radius, in the range suggested by Fig. 2 . We adopted d s = 37.5 microradians as the most appropriate search radius.
The last parameter that needs to be specified is the minimum number of stars p any potential association should possess. It is clear that too small a number of stars could produce many spurious detections. On the other hand, if we demand an unreasonably large number of stars many small association may be lost. We are then at the tradeoff between completeness and reliability of our sample of associations. In order to check how many detections are caused by chance coincidence, as a function of p, a statistical test was performed. One hundred random distributions of a number of stars equal to the number of our sample of blue stars, and distributed over the same area, were created and the PLC technique with our adopted distance parameter value was applied to search for potential groups. This experiment was repeated for different minimum numbers of stars. The plot of the resulting fraction of the spurious detections to the total number of detected associations, as a function of the minimum number of stars, is presented in Fig. 3 . We can see that the spurious detections constitute less than 10 % if we adopt 6 stars as a minimum population of OB stars of potential associations. This number seems to be a good compromise and we therefore adopted it. 
Results
The Catalog
The application of the PLC technique, with a threshold of number of stars equal to 6 and the distance parameter value of 37.5 microradians as discussed above, resulted in the detection of 117 groups of blue stars. Table 1 contains their description. Columns 1, 2 and 3 give the designation, and the equatorial coordinates of the detected associations. The number of blue stars belonging to the group, its size in both microradians and parsecs (distance modulus of 26.66 assumed), cross-identification with the catalog of HII regions in NGC 300 (Deharveng et al. 1988 ) and objects studied by Breysacher et al. (1997) , (arabic and roman numbers respectively) are given in the following columns. The coordinates of the OB associations were determined as the mean coordinates of their separate member stars. Following Battinelli (1991) , the real diameter of associations is defined as 0.5 * (Φ R.A. * cos(Φ Dec ) + Φ Dec ) * d NGC 300 , where Φ R.A. and Φ Dec correspond to the diameter in right ascention and declination respectively and d N GC 300 stands for distance to the galaxy. We assumed d NGC 300 = 2.1M pc (distance modulus of 26.66 mag). Fig.  4 displays the spatial distribution of the detected associations over the disc of NGC 300. Maps of six typical associations are presented in the appendix.
We would like to stress that our spatial resolution allows detection of associations as small as about 15 pc. We therefore expect that our catalog is near complete even down to potentially very compact associations.
Size distribution
In Fig. 5 we show the size distribution of the detected associations. There is a sharp peak located at about 60 microradians. This value depends somewhat on the assumed value of d s . Using d s = 35 and d s = 40 microradians, respectively, sizes are about 15 % different (smaller and bigger, respectively), but the shape of the distribution remains the same. Table 2 gives numerical values for the location of the peak of the size distribution, for a range of distance parameters, and for the two different distance moduli to NGC 300 discussed before.
Until a more precise distance to NGC 300 is known (which is one of the main purposes of our NGC 300 project), it is not possible to carry out an unambiguous comparison of our size results with those obtained for OB associations in other galaxies.
Correlation with HII regions
In most cases the ionization of hydrogen is caused by UV photons emitted from nearby hot, massive stars, so one can suspect a correlation of the spatial distributions of OB associations and H II regions. To check this we compared the spatial distribution of OB associations obtained in this paper with the spatial distribution of H II regions in NGC 300 cataloged by Deharveng et al. (1988) . The result is that about 60 % of the detected OB associations do clearly overlap with H II regions (see Tables 1 and 3 for detailed cross-identification) , which indicates that there is indeed the expected strong correlation. Thus both OB associations and H II regions appear to be about equally well suited tracers of recent or ongoing star formation.
Stellar Complexes
We can see from Fig. 5 that besides the stellar groups with sizes typical for OB associations (of about 100 pc) there are also some groups having much bigger dimensions. Regarding their size they resemble Galactic star complexes, as described by Efremov et al. (1987) .
By visual inspection of the objects identified as having sizes larger than 300 pc (potential star complexes) we found that most of them appear to consist of a number of smaller, well defined associations with sizes close to 100 pc (see the map of one of the stellar complexes presented in the appendix). These were not detected as individual stellar groupings by the PLC technique due to the high density of blue stars with respect to the surrounding regions in these parts of the galaxy.
To check on this in an objective way we selected blue stars from each of these regions and applied the PLC method for a second time. In 14 out of 18 cases we detected that the apparently large single associations do indeed consist of several smaller associations. Their description is given in Table 3 . The names of new objects were designated using the name of the corresponding associations detected during the first application of the PLC technique, followed by consecutive roman letters. (e.g. AS 102a, AS 102b, etc.) Their parameters were derived in the same manner as described in Sect. 4.1. As a conclusion, very large single OB associations (like AS 008, AS 031, AS 084 and AS 096) seem to be very rare.
It is interesting to note that 14 out of 18 potential star complexes are located in the western part of NGC 300, while the distribution of detected OB associations seems to be fairly uniform (see Fig. 4 ). This fact suggests that for some unknown reasons the physical conditions for the formation of large objects have been more favorable in this part of the galaxy.
Summary
We have presented the results of a search for OB associations in the spiral galaxy NGC 300, using photometric data obtained within a broader project aiming at a precise distance determination to this galaxy from its Cepheid variables. Magnitudes and colors were obtained for about 14000 stars in a 0.5 x 0.5 square degree field centered on the nucleus of NGC 300. From this sample, we selected blue stars using the constraints V < 22 mag and −0.6 < B − V < 0.4 mag. Application of the PLC method resulted in the detection of 117 groups of blue stars. Statistical considerations show that the expected contamination of this sample by spurious detections is less than 10 %. This suggests that our sample constitutes a homogeneous group which is well suited for comparison with systems of associations found in other galaxies. We detected the expected strong correlation between the spatial distributions of associations and H II regions in NGC 300, a fact which lends additional strong support to the relability of our OB association searching procedure.
Most of the detected OB associations have sizes comparable to typical associations from the Galaxy and other Local Group galaxies. However, a few objects have sizes up to five times larger, corresponding rather to stellar complexes than associations. The PLC technique was applied once more to stars from the regions of each of the potential stellar complexes. This revealed that most of these large complexes are composed of well-defined smaller subgroups having sizes corresponding to typical OB associations. This suggests a hierarchical arrangement of OB stars groupings, already found previously in other galaxies (Efremov et al. 1987 , Battinelli et al. 1996 .
Once we will have an accurate distance determination to NGC 300 from our project, we will use the results of this paper to compare the system of OB associations of NGC 300 to those of other galaxies for which such studies have been performed. 
